EP 1 757 400 A2

Européisches
Patentamt

European

Patent Office

Office européen
des brevets

(12)

(43) Date of publication:
28.02.2007 Bulletin 2007/09

(21) Application number: 06119550.9

(22) Date of filing: 25.08.2006

(51)

(11) EP 1757 400 A2

EUROPEAN PATENT APPLICATION

Int Cl.:
B23K 35/022006.0%)
B22F 9/08 (20060

B23K 35/26 (2006.01)

(84) Designated Contracting States:
ATBEBG CHCY CZDE DKEE ES FIFR GB GR
HUIEISITLILT LU LV MC NL PL PT RO SE SI
SKTR
Designated Extension States:
AL BA HR MK YU

(30) Priority: 25.08.2005 JP 2005244442

(71) Applicant: HARIMA CHEMICALS, INC.
Kakogawa-shi,
Hyogo-ken 657-0019 (JP)

Inventors:

* Matsubara, Eichiro
18-506, Takano Daisan Jyuutaku
Kyoto-shi,
Kyoto 606-8107 (JP)

¢ |chitsubo, Tetsu

Sakyo-ku,

Kyoto-shi,

Kyoto 606-8107 (JP)

Anada, Takaaki
Noguchi-cho,
Kakogawa-shi,
Hyogo 675-001 (JP)
Kumamoto, Seishi
Noguchi-cho,
Kakogawa-shi,
Hyogo 675-001 (JP)
Irie, Hisao
Noguchi-cho,
Kakogawa-shi,
Hyogo 675-001 (JP)

Representative: Ackroyd, Robert

W.P. Thompson & Co.

Eastcheap House

Central Approach

Letchworth Garden City, Herts. SG6 3DS (GB)

(54)

(57)  The present invention is a method to manufac-
ture the SnZnNiCu solder powder through liquid quench-
ing atomizing method, and an atomizing temperature is
not less than 500°C, in particular, not less than 900°C.
The raw material metal used as raw material of the solder
powder comprises 3 to 12 % by weight of Zn, 1.0 to 15
% by weight of the sum of Cu and Ni, and Sn and inevi-
table impurities for the rest, to the total amount of raw
material. The powder may further contain one or more
of Bi, In, Sb, Mg, Ag, Au, in a total amount of up to 5%
by weight. Thereby, high joint strength is achieved and
the SnZnNiCu solder powder which can improve joint
reliability of solder joint part is provided. The solder pow-
der has a mean particle size from 5 to 100 microns.
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EP 1 757 400 A2
Description
BACKGROUND OF THE INVENTION
1. Field of the Invention

[0001] The presentinvention relates to a method of manufacturing the SnZnNiCu solder powder having excellent joint
reliability and the SnZnNiCu solder powder.

2. Description of Related Art

[0002] Conventionally, Sn-Pb alloy has been used as solder alloy. In recent years, however, due to concern about
human health and the environment, Pb-free solder alloy containing no Pb has been developed. As the Pb-free solder
alloy, for example, Sn-Ag solder alloy, Sn-Ag-Cu solder alloy and the like have been proposed. However, since these
solder alloys have high melting point, heating temperature needs to be high during soldering and, in some cases, exceeds
an allowable range of heat resistance of electronic parts. In addition, since Ag;Sn phase in solder grows large, strength
of solder itself deteriorates.

[0003] On the other hand, Sn-Zn solder alloy has a potential means to solve the above problem, since Zn has the
function of lowering a melting point and can lower heating temperature during soldering. For example, in each patent
literature as below, various Sn-Zn solder alloys have been proposed.

[0004] Japanese Unexamined Patent Publication No. H8-243782 discloses Sn-Zn solder alloy containing 3 to 12 %
by weight of Zn and, as additional component, not more than 3 % by weight of at least one selected from the group of
Sb, In, Au, Ag and Cu. This solder alloy is considered to improve wettability during soldering by containing the above
additional component.

[0005] Japanese Unexamined Patent Publication No. H9-94687 discloses Sn-Zn solder alloy containing 7 to 10 % by
weight of Zn, 0.1 to 3.5 % by weight of Ag and/or 0.1 to 3 % by weight of Cu. Japanese Unexamined Patent Publication
No. H9-94688 discloses Sn-Zn solder alloy containing 7 to 10 % by weight of Zn, 0.01 to 1 % by weight of Ni, and 0.1
to 3.5 % by weight of Ag and/or 0.1 to 3 % by weight of Cu. These solder alloys are considered to improve tensile strength
by containing the above additional component.

[0006] Japanese Unexamined Patent Publication No. H9-155587 discloses Sn-Zn solder alloy containing 7 to 9 % by
weight of Zn and 0.1 to 0.5 % by weight of Cu. This solder alloy is considered to improve mechanical strength by
containing the above additional component.

[0007] Japanese Unexamined Patent Publication No. 2000-15478 discloses Sn-Zn solder alloy containing not more
than 0.5 % by weight of an additional component such as Cu, Al and Ni. This solder alloy is considered to inhibit change
in mechanical characteristics by containing the above additional component.

[0008] Japanese Unexamined Patent Publication No. 2001-259885 discloses Sn-Zn solder alloy containing 92 to 96
% by weight of Sn, 1 to 5 % by weight of Zn, 1 to 3 % by weight of Cu and 0.5 to 2 % by weight of Sb. This solder alloy
is considered to achieve high joint strength.

[0009] By the way, soldering on Cu base material with the use of Sn-Zn solder alloy usually causes the problem that
a thick fragile layer of Cu-Zn intermetallic compound is formed in the vicinity of the interface between the Cu base material
and the solder alloy. Moreover, in soldering on Cu base material with the use of solder alloy which has Cu and the like
added to improve mechanical strength and wettability as mentioned in each of the above patent literatures, addition of
Cu to the solder alloy has made the intermetallic compound layer in the vicinity of the interface thicker. When such a
Cu-Zn intermetallic compound layer is formed, joint strength between Cu base material and solder alloy and joint reliability
deteriorate. The intermetallic compound layer further grows over time even after soldering, and along with the growth,
joint reliability between Cu base material and solder alloy further deteriorates.

SUMMARY OF THE INVENTION

[0010] Previously, the present inventors considered Sn-Zn solder alloy which can inhibit the production of an inter-
metallic compound after soldering and the growth of the intermetallic compound after soldering, found that the above
problem can be solved by keeping the content of Cu and Ni in a specific range, and filed a patent application (refer to
Japanese Unexamined Patent Publication No. 2005-238297).

[0011] After that, the present inventors considered a method of manufacturing SnZnNiCu solder alloy containing Cu
and Ni and consequently found a new fact that use of liquid quenching atomizing method under given conditions makes
it possible to obtain SnZnNiCu solder alloy which reduces deterioration of joint strength and can achieve high joint
reliability.

[0012] The method of manufacturing the SnZnNiCu solder powder according to the present invention is a method of
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manufacturing the SnZnNiCu solder powder in accordance with liquid quenching atomizing method and is characterized
by an atomizing temperature of not less than 500°C. The atomizing temperature is preferably not less than 900°C. The
composition of raw material metal used as raw material of the solder powder in the manufacturing method of the present
invention preferably comprises 3 to 12 % by weight of Zn, 1.0 to 15 % by weight of the sum of Cu and Ni, and Sn and
inevitable impurities for the rest, to the total amount of raw material. The raw material metal may further contain 0.0081
to 0.2 % by weight of Al to the total amount of raw material. In the manufacturing method of the present invention, the
raw material metal may be melted and rapidly quenched, being squirted out of a nozzle by atomization gas. The atom-
ization gas may have a pressure of 1 to 15 MPa. The solder powder obtained according to the manufacturing method
of the present invention may have a mean particle size of 5 to 100 wm. Larger mean particle size than the above range
makes miniaturization of solder structure difficult and smaller mean particle size than the above range may increase the
rate of a flux amount necessary for solder joint.

[0013] The present invention also provides the SnZnNiCu solder powder manufactured according to the aforemen-
tioned method.

[0014] The solder powder of the present invention preferably comprises 3 to 12 % by weight of Zn, 1.0 to 15 % by
weight of the sum of Cu and Ni, and Sn and inevitable impurities for the rest, and may further contain 0.0081 to 0.2 %
by weight of A1. The solder powder of the present invention may have a mean particle size of 5 to 100 um. Larger mean
particle size than the above range makes miniaturization of solder structure difficult and smaller mean particle size than
the above range may increase the rate of a flux amount necessary for solder joint.

[0015] The solder powder of the present invention obtained by atomization at 500°C or more through liquid quenching
atomizing method has small particle size and miniaturized submicron structure as inside solder structure. Furthermore,
soldering on Cu base material with the use of the solder powder of the present invention prevents a thick fragile layer
of Cu-Zn intermetallic compound from being formed in the vicinity of the interface between Cu base material and solder
alloy. Thereby, the present invention prevents deterioration of joint strength between base material and solder alloy and
can improve joint reliability of solder joint part. In this description, the "solder powder" according to the present invention
is sometimes referred to as "solder alloy".

BRIEF DESCRIPTION OF THE DRAWINGS
[0016]

Fig. 1 is a schematic illustration showing an atomizing unit used in the method of the present invention.

Fig. 2 is cross-sectional photographs showing the solder structure of atomized solder powders (1) to (3).

Fig. 3 is cross-sectional photographs showing the solder structure of bulk materials (1) to (3) which have the same
composition and are used for comparison.

Fig. 4 is cross-sectional photographs showing the result of analysis in the vicinity of the interface with Cu base
material when soldering Cu base material with the use of atomized solder powders (1) to (3).

Fig. 5 is cross-sectional photographs showing the result of analysis in the vicinity of the interface with Cu base
material when soldering Cu base material with the use of bulk materials (1) to (3) which have the same composition
and are used for comparison.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0017] The method of manufacturing the SnZnNiCu solder powder of the present invention and the SnZnNiCu solder
powder will be described in detail below. The manufacturing method of the present invention is to manufacture the
SnZnNiCu solder powder through liquid quenching atomizing method at an atomizing temperature of not less than 500°C,
preferably not less than 900°C.

[0018] For liquid quenching atomizing method, such a unit as shown in Fig. 1 can be used. The atomizing unit shown
in Fig. 1 has a molten metal chamber 1 and an atomizing chamber 2 located below the molten metal chamber 1. The
molten metal chamber 1 has a crucible 3 inside, a through-hole 9 is closed up by a stopper rod 4 at the bottom, and a
molten metal alloy 6 is in the inside. Dielectric coils 5 are disposed around the crucible 3. In the molten metal chamber
1, a pressure gas inflow pathway 7 to supply pressure gas such as argon (Ar) gas and a vacuum system 8 such as a
vacuum pump are provided. A thermocouple (not shown in the figure) to measure an atomizing temperature is provided
in the through-hole 9.

[0019] The through-hole 9 at the bottom of the crucible 3 is communicated with a molten metal nozzle 10 provided in
the upper part of the atomizing chamber 2. An atomizing gas supply pathway 11 to squirt the molten metal alloy 6 into
the atomizing chamber 2 and rapidly quench is connected to the molten metal nozzle 10. Examples of atomizing gas
include helium gas, nitrogen gas and argon gas. Atomizing gas may be supplied at a pressure of 1 to 15 MPa.

[0020] At the bottom of the atomizing chamber 2, a cyclone dust collector 12 is provided. A hopper 13 provided at the
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bottom of the cyclone dust collector 12 collects the solder powder, and waste gas goes through afilter 14 and is discharged
from an exhaust pipe 15.

[0021] The liquid quenching atomizing method is to melt raw material metal and rapidly quench, being squirted out of
a nozzle by atomization gas. For example, in the aforementioned atomizing unit, after solder raw material alloy is melted
in the crucible 3 and turned into the molten metal alloy 6, with the stopper rod 4 lifted, the molten metal alloy 6 is supplied
from the through-hole 9 to the molten metal nozzle 10, and atomizing gas is squirted from the molten metal nozzle 10
to the atomizing chamber 2 for atomization.

[0022] The atomizing temperature measured with the thermocouple may be not less than 500°C, preferably, not less
than 900°C. Lower atomizing temperature than the above range makes particle size of the solder powder and inside
solder structure large and possibly cannot improve solder joint strength. In the present invention, the atomizing temper-
ature stands for a temperature of raw material metal (molten metal alloy 6) right before being atomized, and can be
measured with the thermocouple in the unit shown in Fig. 1.

[0023] The raw material metal supplied to the crucible 3 contains Zn, Ni, Cu, and Sn and inevitable impurities for the
rest. To the total amount of raw material, Zn content may be 3 to 12 % by weight, preferably 8 to 10 % by weight. To
the total amount of raw material, the sum of Cu and Ni may be 1.0 to 15 % by weight, preferably 1.5 to 10 % by weight.
The raw material metal may be in the form of alloy or each bare metal may be respectively weighed and supplied to the
crucible 3 in a predetermined proportion. The ratio of Cu and Ni may be a weight ratio of Cu:Ni=1:9 to 9:1.

[0024] Thus, in the present invention, when atomization is carried out through liquid quenching atomizing method with
the use of raw material metal containing Ni and Cu as well as Sn and Zn, during soldering, Cu and/or Ni in solder alloy
to be obtained form an intermetallic compound with Zn in solder alloy and pick up part of Zn in solder alloy, thereby
preventing Zn from moving to the vicinity of the interface with Cu base material during soldering and forming an inter-
metallic compound layer. Moreover, after soldering, there is an adequate amount of Cu and/or Ni contained to form an
intermetallic compound in solder alloy by reacting with residual Zn in solder alloy and inhibit reaction with Cu base
material in the vicinity of the interface. Thereby, not only during soldering but also after soldering, it is possible to prevent
an intermetallic compound layer from being produced and growing in the vicinity of the interface between Cu base
material and Zn.

[0025] When the total content of Cu and Ni as additional component exceeds the above range, a melting point of
solder alloy significantly rises, wettability worsens and solder strength may deteriorate due to presence of inclusion.
Melting point can be measured with a differential scanning calorimeter (DSC).

[0026] By keeping Zn content within the above range, it is possible to lower a melting point of solder alloy powder and
maintain good wettability. Solder alloy can have a melting point of around 198 to 220°C by keeping the composition
within the above range.

[0027] The raw material metal (solder alloy) used as solder powder material may contain 0.0081 to 0.025 % by weight,
preferably 0.0081 to 0.02 % by weight of Al to the total amount of raw material. Inclusion of Al prevents Zn oxide from
being formed in solder alloy and can improve wettability between solder alloy and base material and increase solder
alloy strength.

[0028] In addition, if necessary, the raw material metal (solder alloy) used as solder powder material can contain one
or more of Bi, In, Sb, Mg, Ag and Au in a total amount of not more than 5% by weight of the total amount of raw material,
in addition to the above components. Thereby, a melting point of solder alloy can be further lowered during and after
soldering.

[0029] Since the composition of the solder powder obtained in the manufacturing method of the present invention is
almost identical to the composition of raw material metal used as solder powder material, the composition of the solder
powder of the present invention may also be in the same range as the composition of the aforementioned raw material
metal.

[0030] The mean particle size of the solder powder of the present invention is not especially limited, but preferably 5
to 100 pm. According to the manufacturing method of the present invention, the solder powder having a mean particle
size in this range can be easily obtained.

[0031] The method of the present invention will be described in detail below with reference to examples.

EXAMPLES

<Manufacturing of the SnZnNiCu solder powder>

[0032] As raw material, alloys having the following composition were used. The figures are in terms of % by weight.
(1) Sn 91%-Zn 9%

(2) Sn 85.99%-Zn 8.6%-Ni 2.4%-Cu 3%-Al 0.01%
(3) Sn 82.05%-Zn 9.2%-Ni 3.6%-Cu 5.11%-Al 0.04%
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[0033] Using each of the above raw material alloys, the solder powder was prepared with such an atomizing unit as
shown in Fig. 1. Manufacturing conditions and mean particle size of the solder powder so obtained are as follows.

Table 1
Sample Atomizing Material of crucible | Nozzle diameter Pressure of Mean particle size
temperature (°C) (mm) atomizing gas of the solder
(MPa) powder (pnm)
(1) 500 Carbon 2 9.8 23.36
(2) 500 Carbon 2 9.8 16.92
730 Alumina 2 9.8 12.73
900 Carbon 1 9.8 8.69
(3) 500 Carbon 2 9.8 12.50
730 Carbon 2 9.8 25.47
900 Carbon 1 9.8 9.30

[0034] Particle structure of each solder powder so obtained was observed under a scanning electron microscope
(SEM). The results are shown in Fig. 2. For comparison, bulk materials (1) to (3) (raw material alloy before atomization)
having the same composition were observed in the same manner. The results are shown in Fig. 3. It is apparent that
compared with the bulk material structure size 20 to 50 pm, atomized solder powder has miniaturized structure in the
submicron order of not more than 1 wm. In particular, as an atomizing temperature is higher, the structure is more
miniaturized. Consequently, atomized solder powders (1) to (3), especially (3), are projected to have high solder strength.
[0035] Furthermore, point analysis was made at the points marked as reference numerals 1 to 6 in each solder powder
of Fig. 2 with an energy dispersive X-ray fluorescence analyzer (EDX). The results are shown in Table 2.

Table 2
Measurement point | Sn Zn Ni Cu Al
1 944 5.6
2 10.3 | 89.7
3 87.5 6.5 | 20 34| 06
4 516 | 254 | 9.0 | 134 | 0.6
5 88.4 6.0 | 1.8 34 | 04
6 345 | 409 | 6.0 | 186 | 0.0
Unit: Atomic %

[0036] As apparent from Table 2, in solder structure (1) containing only Sn and Zn, Sn rich phase and Zn rich phase
are separated, while in solder structures (2) and (3) having Ni and Cu added, there is no Zn single phase but there are
CuZn rich phase and SnNi rich phase.

(Soldering test)

[0037] Solder alloy of Samples (1) to (3) (all of which were obtained at an atomizing temperature of 500°C) was
soldered to Cu base material and the vicinity of the interface between Cu base material and solder alloy right after
soldering was analyzed under a scanning electron microscope (SEM) with an energy dispersive X-ray fluorescence
analyzer (EDX) to check the distribution of each component in the vicinity of the interface.

[0038] After these samples were heated in the atmosphere of 120°C for 100 hours and for 500 hours, the distribution
of each component in the vicinity of the interface between Cu base material and solder alloy was checked in the same
manner as above. The distribution of each component is shown in the photographs of Fig. 4.

[0039] On the other hand, the bulk materials (1) to (3) having the same composition were soldered to Cu base material
and the distribution of each component in the vicinity of the interface between Cu base material and solder alloy right
after soldering and after heating in the atmosphere of 120°C for 100 hours was checked in the same manner as above.
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The distribution of each component is shown in the photographs of Fig. 5.

[0040] As apparent from Figs. 4 and 5, in the bulk materials (1) to (3), interface reaction phases with Cu base material
were all CuZn compounds, while in atomized solder powders (2) and (3) containing Ni and Cu, CuSn compound phase
was formed. The reason why CuSn compound phase, not CuZn compound, was formed in the interface like this is
projected to be that Zn reacted with Ni and Cu and was taken in these elements, as shown in Fig. 2 and Table 2. The
CuSn compound phase is similar to SnPb formed in the interface with Cu base material by conventionally widely used
SnPb solder powder, making it possible to achieve high joint strength.

[0041] Also, there was a tendency for interface reaction phase to become thin through heating.

[0042] One embodiment of the present invention was illustrated above. However, it should be noted that the present
invention is not limited to the above embodiment.

Claims

1. A method of manufacturing a solder powder comprising Sn, Zn, Ni and Cu by a liquid quenching atomizing method,
wherein the atomizing temperature is not less than 500°C.

2. A method according to claim 1, wherein an atomizing temperature is not less than 900°C.
3. A method according to claim 1 or 2, wherein the composition of raw material metal used as raw material of the solder
powder comprises 3 to 12 % by weight of Zn, a total of 1.0 to 15 % by weight of Cu and Ni, and Sn and inevitable

impurities for the rest, to the total amount of raw material.

4. A method according to claim 3, wherein the raw material metal further contains 0.0081 to 0.2 % by weight of Al to
the total amount of raw material.

5. A method according to claim 3 or 4, wherein the raw material metal further contains one or more of Bi, In, Sb, Mg,
Ag and Au, in a total amount of up to 5% by weight of the total amount of raw material.

6. A method according to any of claims 1 to 5, wherein the raw material metal is melted and rapidly quenched, and is
squirted out of a nozzle by atomization gas.

7. A method according to claim 6, wherein the atomization gas has a pressure of 1 to 15 MPa.

8. A method according to any one of claims 1 to 7, wherein the solder powder obtained has a mean particle size of 5
to 100 pm.

9. A solder powder, manufactured by a method according to any of claims 1 to 8.

10. A solder powder according to claim 9, comprising 3 to 12 % by weight of Zn, a total of 1.0 to 15 % by weight of Cu
and Ni, and Sn and inevitable impurities for the rest.

11. A solder powder according to claim 10, containing 0.0081 to 0.2 % by weight of Al.

12. A solder powder according to claim 10 or 11, further containing one or more of Bi, In, Sb, Mg, Ag and Au, in a total
amount of up to 5% by weight of the powder.

13. A solder powder according to any of claims 9 to 12, having a mean particle size of 5 to 100 pm.
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Fig. 3
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Fig. 4
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